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Background  and  purpose:  Scientiﬁc  literature  offers  no epidemiological  data  regarding  prevalence  and
protective  factors  for the  metabolic  syndrome  (MetSyn)  among  former  athletes.  The aim  of  this  cross-
sectional  study  was to investigate  whether  former  athletes  are  better  protected  against  MetSyn  and  if
this hypothetical  protection  is  dependent  on  sex, career,  or later  lifestyle.
Methods:  We  assessed  demographic,  behavioral,  physical,  and  biochemical  characteristics  in  a  population
of  491  subjects  of  both  sexes.
Results:  After  adjustment  for potential  confounding  factors,  we found  no  signiﬁcant  differences  in  the
likelihood  of  MetSyn  among  former  elite,  non-elite,  and  non-athletes.  Likewise,  sex  and  previous  sport
intensity  did not  reveal  a signiﬁcant  association  with  the  syndrome.  However,  both  former  elite  [oddsiabetes mellitus
ging
isk factors
ratio  (OR)  0.20,  p  = 0.020]  and  non-elite  athletes  (OR  0.50,  p =  0.044)  who  after  career  termination  engaged
in the recommended  amounts  of  physical  activity,  showed  a reduced  likelihood  for the  MetSyn.
Conclusions:  Former  athletes  tend  to  adopt  healthier  lifestyles,  which  may  give them  an  advantage
regarding  the risk  factors  that delineate  the  syndrome.  Furthermore,  physical  activity  engagement  at
recommended  levels  seems  to play  an  important  role  in  the  association  with  MetSyn, even in  subjects
who  have  never  been  athletes.
3  Jap© 201
ntroduction
Metabolic syndrome (MetSyn) is a cluster of metabolic risk
actors that directly promote the development of cardiovascular
isease (CVD) [1] and also increase the risk for developing type II
iabetes mellitus [2].
Physical Activity Guidelines for Americans [3] emphasize the
ssociation of physical activity with numerous health beneﬁts, such
s lower incidence of CVD [4] and type II diabetes mellitus [5]. This
nteraction occurs in part through components of the MetSyn [6]
uch as weight control and improved functioning of the cardiovas-
ular system [7]. Likewise, long-term exercise favorably modiﬁes
everal CVD risk factors, including blood lipids, obesity, blood pres-
ure, and glucose tolerance [8]. Evidence also emphasizes vigorous
xercise as more strongly associated with lower cardiovascular
ortality than the less intense [9].
Former elite athletes represent a distinct group of individualsho have exercised for several years with heavy training loads [10]
nd regularly participate in competitions different from the gen-
ral population during their sports careers [11]. Epidemiological
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ortugal. Tel.: +351 225074700; fax: +351 225500687.
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studies suggest that they have a lower prevalence of CVD, diabetes,
and hypertension [12,13], which can be explained because they
tend to be more physically active and adopt healthier lifestyles
[14,15]. However, other studies suggest that, regardless of compet-
itive level reached or actual levels of physical activity engagement,
former athletes tend to keep their ﬁtness advantage over non-
athletes well into middle age [16,17], which is inversely related
to the prevalence of the syndrome [18]. Although strong evidence
suggests that exercise favorably affects individual components of
the MetSyn [19], these discrepancies raise the question of how the
past and current engagements are associated with it. Furthermore,
whether these former elite athletes’ apparent advantages derive
from the level achieved or coincide with others of lower-level, is
not known.
Methods
We  identiﬁed former elite athletes who represented Portugal in
selected sports at least once in the Olympic Games, World or Euro-
pean championships, or other international competitions; former
non-elite athletes who competed in selected sports at least for three
consecutive years in their adult life, but at no time represented
Portugal; and control subjects randomly selected in the Portuguese
population, matched for age, and who  were never athletes. All sub-
jects had to be at least 30 years old. Former athletes competed
during 1969–2005, and at the time of the study, had ended their
vier Ltd. All rights reserved.
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areer for at least three years. Sports federations provided and
onﬁrmed athletes’ sports history.
In order to make known the study, describe the aims, and invite
ormer athletes and controls to come to one of the laboratories
hich we provide for the collection of biochemical measures, we
onducted a ﬁrst interview by telephone (1378 subjects). After
onsent to participate (868 subjects), we mailed a questionnaire
preceded by a pilot study that attested the reliability) based on
he World Health Organization STEPs approach [20]. This ques-
ionnaire, as well as the study protocol were approved by the local
thics committee, and included data on demographic information
age, sex, and occupation), behavioral and biological character-
stics (tobacco use, alcohol consumption, diet, history of after
he career physical activity, and history of raised blood pressure,
holesterol, triglycerides, glucose, and chronic diseases), physi-
al (height, weight, waist, and blood pressure) and biochemical
easurements [blood glucose, triglycerides, total cholesterol, high-
ensity lipoprotein (HDL) cholesterol and low-density lipoprotein
LDL) cholesterol], as well as information regarding lifetime diag-
osis of CVD (atherosclerosis, rheumatic heart disease, pulmonary
mbolism, peripheral artery disease, stroke or deep-vein throm-
osis, acute myocardial infarction, or any other unspeciﬁed) or
iabetes (we also questioned about these diagnoses among blood
elatives of the ﬁrst degree).
The response rate (with physical and biochemical data) was  78%
or former elite, 71% for non-elite, and 64% for non-athletes, reduc-
ng the study population to 627 subjects. We  excluded pregnant
omen (n = 5), individuals who currently had CVD, diabetes types
 and II, cancer, or those who did not mention treatments that they
ere currently undergoing (n = 131). Thus, the successful study
opulation consisted of 267 men  and 224 women, for a total of 491
ubjects (225 former elite athletes, 168 former non-elite athletes,
nd 98 non-athletes).
rocedures and categorization
We  grouped the athletes classifying the sports they had partic-
pated in according to the Compendium of Physical Activities [21],
ased on the intensity of exercise performed between each sport,
ith their respective metabolic equivalent (MET) intensity levels.
ports were categorized according to the model proposed by Pate
t al. [22] as moderate (3–6 METs; volleyball, gymnastics, archery,
eld events – throwing and jumping) and vigorous (>6 METs; judo,
anoeing/rowing, sprint running, middle- and long-distance run-
ing, triathlon, decathlon, swimming, basketball, handball, and
occer).
We computed after career (adulthood for non-athletes) physi-
al activity engagement in moderate and vigorous intensity based
n structured questions regarding participation in three dimen-
ions: recreational, traveling to and from places (walk or bicycle),
nd at work. These questions contemplated items such as the activ-
ty performed in each dimension, the average number of days per
eek, as well as its average duration. According to the adult rec-
mmendations from the American College of Sports Medicine and
he American Heart Asociation [23], subjects were considered to
ave lower physical activity than recommended (Lower PAR) if
fter career termination they engage in less than 30 min  d−1 on
 d wk−1 of moderate-intensity aerobic, or less than 20 min  d−1 on
 d wk−1 of vigorous-intensity aerobic activity. If engagement had
een at least 30 min  d−1 on 5 d wk−1 of moderate-intensity aerobic,
r 20 min  d−1 on 3 d wk−1 of vigorous-intensity aerobic activity, we
onsidered participants as meeting physical activity recommenda-
ions (Meet PAR).
We  adopt the WHO  guidelines regarding frequency and pattern
f drinking [24] and categorized subjects as hazardous drinkers (if
n one single occasion of the past 30 days they had drunk 5 forrdiology 61 (2013) 440–445 441
men  or 4 for women standard alcoholic drinks; alternatively, if they
usually consume alcoholic rarely or never with meals), moderate
drinkers (if they have not drunk 5 for men  or 4 for women standard
alcoholic drinks in one single occasion of the past 30 days; and
if consumption is typically at mealtimes), and abstainers (if they
never consumed an alcoholic drink).
By separately multiplying the weekly frequency of consumption
by the number of servings consumed per day and dividing it by
seven, we have estimated the daily average consumption of fruits
and vegetables. We  considered subjects amid the insufﬁcient fruit
and vegetables consumption category if they reported less than ﬁve
daily servings of both.
The subject’s smoking status was based on a detailed smoking
history, and we classiﬁed them into three categories: never, ex, or
current smokers.
Socio-economic/occupational groups had the following cate-
gories: government employee, nongovernment employee, self-
employed, retired, unemployed-able to work, and unemployed-
unable to work. For employed subjects we  assessed data regarding
physical activity at work.
For questions related to standard alcohol drink, fruit and veg-
etables servings, and after the career physical activity engagement,
we provided examples and the measurement protocol (one serving,
one standard drink; vigorous and moderate physical activity).
We asked participants to self-measure height and weight, in
order to provide current values.
We requested the height measurement to be conducted by a
second person, and instructed the subjects to stand barefoot (also
for weight measurement), leaning against a wall and looking for-
ward. We  calculated body mass index (BMI in kg/m2) based on
self-reported height (m)  and weight (kg), and considered over-
weight/obese within the body mass index between 25 and 29.9,
and ≥30, respectively.
For the abdominal circumference, we requested the measure-
ment to be carried out without clothes; that is, directly over the
skin, halfway between the lowest rib and the top of the hipbone.
Sample images were available.
Biochemical data and blood pressure measurements were col-
lected at the laboratory with participants having fasted for at
least 12 h and recorded in the questionnaire form. Measurements
obtained on fasting in the last 12 months, and carried out in spe-
cialized laboratories, were also accepted.
In the history of physical activity, data on sports and level of
competition were obtained. For these variables, we used the cut-
off values of MetSyn deﬁnition to create the categories (with or
without each one of the risk factors).
Metabolic syndrome deﬁnition
We deﬁned MetSyn according to the joint interim statement of
the International Diabetes Federation and the American Heart Asso-
ciation/National Heart, Lung, and Blood Institute [2] as ≥3 of any
of the following: abdominal obesity (waist circumference >102 cm
in men  or >88 cm in women); hyperglycemia (fasting glucose
≥100 mg/dL or current use of insulin or oral hypoglycemia med-
ication); hypertriglyceridemia ≥150 mg/dL; low HDL cholesterol
<40 mg/dL in men  or <50 mg/dL in women; elevated blood pressure
(systolic blood pressure/diastolic blood pressure ≥ 130/85 mmHg)
or regular use of antihypertensive medication. We  adopted the
European Cardiovascular Societies cut point for European popu-
lation to deﬁne abdominal obesity [25].Statistical analysis
Main characteristics of the study subjects were analyzed with
ANOVA and Chi-square test. To test differences in clinical and
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iochemical characteristics among former elite, non-elite, and
on-athletes, we used Analysis of variance (ANCOVA) while adjus-
ing for age and sex (except waist and HDL cholesterol, which
ere only adjusted for age). Through logistic regression, we  esti-
ated the association of the previous level of participation (as
ell as their subdivisions in terms of intensity and after the
areer, physical activity engagement) with MetSyn. This anal-
sis was performed for each of the variables categorized into
wo blocks. The ﬁrst containing age and sex (Model 1) as pos-
ible confounding factors; the second (Model 2) containing age,
ex, BMI, sports intensity level (vigorous or moderate), after
he career physical activity engagement (Meet Par/Lower than
AR), smoking (never, former, or current smokers), alcohol (life-
ime abstainer, 12-month abstainer, moderate and hazardous
rinkers), fruit/vegetables (insufﬁcient/sufﬁcient consumption),
ocio-economic/occupational categories, and family history of CVD
r diabetes.
Signiﬁcance was considered to be p < 0.05. All statistical analysis
as performed with PASW Statistics 18 for Windows.
able 1
ubjects’ main demographic and lifestyle characteristics according to level of previous pa
Former elite athletes (N = 225) Former non-el
Age (mean ± SD, range) 48.3 ± 12.5 (30–91) 50.6 ± 16.3 (30
Men  49.8 ± 12.5 49.3 ± 15.5 
Women 46.6 ± 12.4 52.4 ± 17.4 
Sex  (%)
Men  52 59 
Women 48 41 
Tobacco (%)
Never smokers 57 67 
Former smokers 11 7 
Current smokers 32 26 
Alcohol (%)
Abstainers 14 16 
Moderate drinkers 25 26 
Hazardous drinkers 61 58 
Physical activity (%)
Meet recommendations 76 59 
Lower than recommended 24 41 
Fruit/vegetables (%)
≥5 per day 46 33 
<5  per day 54 67 
Sports intensity (%)
Low 22 21
Moderate 40 41
High 48 38
able 2
nthropometric/biological characteristics and prevalent cases of metabolic syndrome.
Former elite athlet
Body mass index (mean ± SE)b 24.7 ± 0.2 
Overweight/obesity (%) 48 
Waist  (cm)a (Men) 97.6 ± 0.9 
(Women) 85.7 ± 0.5 
>102  cm (%) (Men) 36 
>88  cm (%) (Women) 28 
Triglycerides (mg/dL)b 109.9 ± 4.0 
≥150  mg/dL, or on medication (%) 17 
HDL  cholesterol (mg/dL)a (Men) 53.5 ± 1.1 
(Women) 60.3 ± 0.9 
<40  mg/dL, or on medication (%) (Men) 11 
<50  mg/dL, or on medication (%) (Women) 6 
Systolic blood pressure (mmHg)b 114.3 ± 1.3 
Diastolic blood pressure (mmHg)b 75.9 ± 0.8 
≥130/85 mmHg, or on medication (%) 38 
Fasting glucose (mg/dL)b 89.5 ± 1.2 
≥100  mg/dL, or on medication (%) 24 
With  metabolic syndrome (%) 13 
ata are means ± standard error or percentages.
DL, high-density lipoprotein.
a Adjusted for age.
b Adjusted for age and sex.rdiology 61 (2013) 440–445
Results
Table 1 shows that there were no signiﬁcant differences
between the main groups (former elite, non-elite, and non-
athletes) regarding age and sex distribution. We  also did not ﬁnd
signiﬁcant differences regarding distribution of former athletes of
different intensity sports, as well as between elite and non-elite
groups. We found particularly signiﬁcant differences (p < 0.001)
regarding the tobacco habits with a higher percentage of smok-
ers among non-athletes (79%). Likewise, former elite (57%) and
non-elite athletes (67%) had a higher percentage of never smokers
than non-athletes (17%); 76% of the former elite athletes engaged
in the recommended amounts of physical activity per week. In
reverse, 58% of non-athletes do not weekly reach this recom-
mended amount. Regarding the number of vegetables and fruit
servings eaten per week (p < 0.001), former elite athletes (46%) had
more subjects following the recommendations of 5 or more.
Regarding age and sex adjusted values of risk factors that
deﬁne MetSyn (Table 2), except waist circumference in men
rticipation in sports.
ite athletes (N = 168) Non-athletes (N = 98) p-Value
–90) 51.5 ± 18.1 (30–90) 0.145
51.9 ± 18.3 0.583
51.1 ± 18.0 0.103
50 0.246
50
17 <0.001
4
79
19 0.041
11
69
42 <0.001
58
13 <0.001
87
0.067
es Former non-elite athletes Non-athletes p-Value
26.1 ± 0.3 27.1 ± 0.3 <0.001
64 71 <0.001
98.3 ± 0.9 96.7 ± 1.3 0.603
90.6 ± 0.6 93.0 ± 0.8 <0.001
43 35 0.456
67 80 <0.001
144.5 ± 4.6 182.3 ± 6.0 <0.001
57 63 <0.001
57.5 ± 1.1 54.0 ± 1.7 0.030
57.2 ± 1.2 53.1 ± 1.4 <0.001
5 12 0.007
23 29 <0.001
111.7 ± 1.5 119.9 ± 2.0 0.005
74.1 ± 1.0 76.9 ± 1.3 0.179
36 66 <0.001
92.3 ± 1.4 101.0 ± 1.9 <0.001
39 55 <0.001
37 55 <0.001
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p = 0.603) and diastolic blood pressure in women (p = 0.179) all
he other values were signiﬁcantly different between groups of
thletes. Former elite athletes were lighter (BMI, 24.7 ± 0.2) and
ad lower values of both triglycerides (109.9 ± 4.0 mg/dL) and fas-
ing glucose (89.5 ± 1.2 mg/dL). Former non-elite athlete had lower
eans for systolic (111.7 ± 1.5 mmHg) and diastolic blood pressure
74.1 ± 1.0 mmHg). As regards age-adjusted values of HDL choles-
erol (Table 2), men  former non-elite (57.5 ± 1.1 mg/dL) and women
ormer elite athletes (60.3 ± 0.9 mg/dL) showed the best results.
till in Table 2, it is possible to see that women former elite athletes
ad the lowest waist value (85.7 ± 0.5 cm,  p < 0.001). Non-athletes
ad the higher percentage of overweight/obese (71%), hyper-
riglyceridemia (63%), hypertension (66%), and hyperglycemia
55%). Concerning waist and HDL cholesterol, women  (80% > 80 cm
f waist, and 29% < 50 mg/dL of HDL) and men  non-athletes
12% < 40 mg/dL of HDL) also presented the higher percentages of
ubjects above the cut off values.
The unadjusted analysis of the prevalent cases of MetSyn
etween main groups (p < 0.001) showed that former elite athletes
ere the ones with fewer subjects within the syndrome (13%), fol-
owed by former non-elite athletes (37%) and non-athletes (55%).
Between former elite and non-elite athletes, only waist circum-
erence in women (85.7 ± 0.5 cm/90.6 ± 0.6 cm;  p < 0.001), blood
DL cholesterol in men  (53.5 ± 1.1 mg/dL/57.5 ± 1.1 mg/dL; = 0.032) and blood triglyceride values in both men
117.6 ± 5.5 mg/dL/146.9 ± 6.0 mg/dL; p = 0.001) and women
101.2 ± 5.8 mg/dL/142.6 ± 7.3 mg/dL; p < 0.001) were signiﬁcantly
ifferent and with better outcomes in former elite athletes
able 3
ogistic regression analysis for metabolic syndrome (Model 1).
Former elite athletes 
OR (95% CI)a 0.12 (0.07–0.29) 
p-Value <0.001 
According to the sex Men  Women  
OR  (95% CI)b 0.29 (0.14–0.59) 0.03 (0.01–0.10) 
p-Value <0.001 <0.001 
According to the later physical activity Meet PAR Lower PAR 
OR  (95% CI)b 0.04 (0.02–0.09) 0.20 (0.09–0.45) 
p-Value <0.001 <0.001 
According to the previous sports intensity Vigorous Moderate 
OR  (95% CI)b 0.10 (0.05–0.20) 0.16 (0.08–0.32) 
p-Value <0.001 <0.001 
R, odds ratio and CI, conﬁdence interval.
a Adjusted for age and sex.
b Adjusted for age.
able 4
ogistic regression analysis for metabolic syndrome (Model 2).
Former elite athletes 
OR (95% CI)a 0.56 (0.16–1.97) 
p-Value 0.366 
According to the sex Men  Women  
OR  (95% CI)b 1.06 (0.27–4.21) 0.35 (0.06–1.98) 
p-Value 0.929 0.233 
According to the later physical activity Meet PAR Lower PAR 
OR  (95% CI)b 0.20 (0.05–0.78) 0.81 (0.18–3.70) 
p-Value 0.020 0.790 
According to the previous sports intensity Vigorous Moderate 
OR  (95% CI)b 0.46 (0.11–1.95) 0.59 (0.23–1.51) 
p-Value 0.290 0.270 
R, odds ratio; CI, conﬁdence interval; PAR, physical activity recommended.
a Adjusted for age, sex, body mass index, sports intensity level (vigorous or moderate
never,  former, or current smoker), alcohol (lifetime abstainer, 12 months abstainer, moder
ocio-economic/occupational categories, and family history of cardiovascular disease or d
b Same adjustments as ‘a’ except for the dependent variable in the analysis itself (sex, ardiology 61 (2013) 440–445 443
(Table 3). Former elite men  athletes of high-intensity sports
presented signiﬁcantly smaller waist circumference than former
non-elite (37%, 62 cases) and non-athletes (55%, 54 cases).
Tables 3 and 4 present the odds ratios (OR) and 95% conﬁdence
intervals (95% CI) as results of logistic regression analysis whereby
adjustments were made in two different models. Model 1 (Table 3)
represents adjustments for age and sex. Using this model, both
former elite (OR 0.12, 95% CI, 0.07–0.29, p < 0.001) and non-elite
athletes (OR 0.45, 95% CI, 0.27–0.76, p = 0.003) were associated with
a lower prevalence of MetSyn. Taking as reference non-athletes that
do not meet the recommended physical activity all the other ana-
lyzed categories presented signiﬁcant OR, by introducing physical
activity levels after career termination as the dependent variable.
Between former athletes from different sports intensities, we  found
that at both moderate and vigorous intensity sports, former elite
and non-elite athletes were associated with a lower likelihood of
MetSyn.
When compared with the model 1, logistic regression adjusted
for other possible confounding factors than age and sex (Model 2,
Table 4) signiﬁcantly changed the results. This cross-sectional anal-
ysis model ﬁtted well to MetSyn (goodness of ﬁt p < 0.001), and
the explanatory power (Nagelkerke R2) was greater than 50% in all
four dependent variables. Using this model, we found no signiﬁcant
differences in the likelihood of MetSyn among main the groups.
Similarly, among former athletes from different sports intensities,
none of the signiﬁcant OR of the model 1 remained. However,
regarding physical activity engagement after career termination,
both former elite (OR 0.20, 95% CI, 0.05–0.78, p = 0.020) and
Former non-elite athletes Non-athletes
0.45 (0.27–0.76) 1.0
0.003 –
Men  Women Men  Women
0.48 (0.24–0.97) 0.69 (0.33–1.45) 1.39 (0.63–3.09) 1.0
0.041 0.331 0.419 –
Meet PAR Lower PAR Meet PAR Lower PAR
0.22 (0.11–0.45) 0.36 (0.17–0.75) 0.30 (0.13–0.70) 1.0
<0.001 0.006 0.005 –
Vigorous Moderate
0.47 (0.27–0.89) 0.42 (0.23–0.77) 1.0
0.020 0.005 –
Former non-elite athletes Non-athletes
1.84 (0.56–6.12) 1.0
0.319 –
Men  Women  Men Women
1.87 (0.49–7.13) 2.71 (1.12–4.80) 1.78 (0.63–4.98) 1.0
0.359 0.434 0.274 –
Meet PAR Lower PAR Meet PAR Lower PAR
0.50 (0.27–0.99) 1.70 (0.40–7.21) 0.46 (0.16–1.27) 1.0
0.044 0.474 0.132 –
Vigorous Moderate
0.09 (0.01–1.05) 0.45 (0.10–2.00) 1.0
0.054 0.294 –
), after career physical activity engagement (Meet Par/Lower than PAR), smoking
ate and hazardous drinkers), fruit/vegetables (insufﬁcient/sufﬁcient consumption),
iabetes
fter career physical activity engagement, and sports intensity level).
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on-elite (OR 0.50, 95% CI, 0.27–0.99, p = 0.044) athletes engaging
n the recommended amounts maintained the lower likelihood of
etSyn than non-athletes who do not meet these recommenda-
ions.
iscussion
This study reveals that the former athletes, especially the elite
nes, differ from the non-athletes in their lifestyles. Further the
ajority of former athletes seem to have a lower prevalence of Met-
yn compared to the aforementioned referents. After adjustment
or several possible confounding factors, only the former-athletes
ho maintained their physical activity at recommended levels
emained less likely to have MetSyn.
MetSyn is a multifaceted syndrome characterized by the
resence of any 3 of 5 deﬁned abnormalities: elevated waist cir-
umference, blood triglycerides, blood pressure or fasting glucose,
nd reduced blood HDL cholesterol [2]. Findings of the present
tudy suggest an association between previous participation in
ports, especially at an elite level, and a lower prevalence in most
f these risk factors. It is clear that lifestyle plays a vital role
n the preventable risk factors that underlie most chronic dis-
ases and also in the MetSyn, in particular [26]. Behaviors such
s smoking, hazardous alcohol, and fruit and vegetable consump-
ion or low physical activity are the main behavioral risk factors
dentiﬁed in the World Health Report [27] as determinants for
ost of the chronic diseases. Other studies comparing former
lite [28] and non-elite [29] with non-athletes corroborates our
esults showing them as having healthier habits. Obviously, this
an clearly contribute to a lower prevalence of risk factors that
nderlie the MetSyn and, therefore, to a lower likelihood among
hem.
Being active certainly is an essential component of public health.
o promote and maintain health, the American College of Sports
edicine and the American Heart Association recommends that all
ealthy adults engage in moderate-intensity aerobic physical activ-
ty for a minimum of 30 min  d−1 on 5 d wk−1 or vigorous-intensity
erobic activity for a minimum of 20 min  d−1 on 3 d wk−1 [23].
ther investigations have revealed an association between gen-
ral physical activity and substantial reductions in the risk [30],
nd control [31] of CVD and diabetes, two of the direct conse-
uences of MetSyn. Furthermore, physical activity also prevents
19] and reduces [32] overweight and obesity, known as trigg-
rs of both diseases. As others [33], ﬁndings from the present
tudy suggest that, when compared to non-athletes, former ath-
etes tend more to maintain their physical activity engagement at
igher levels. Despite the inclusion of other health-related habits
smoking, alcohol, and fruit/vegetable consumption) and inherited
actors have eliminated the differences in the likelihood of Met-
yn between former athletes (elite or non-elite) and non-athletes,
hysical activity engagement revealed to be a differentiating
spect.
In the analysis of former elite athletes, the beneﬁt of selec-
ion is under debate [34]. Despite later physiologic advantages of
ormer athletes over non-athletes [8], preceding differences also
ould contribute to these results. Athletes, especially elite ones,
re a selected group regarding physical ﬁtness. Moreover, total
hysical activity (measured as habitual energy expenditure) and
tness (measured as maximal oxygen consumption per kilogram)
ave independent effects on the components of MetSyn [35]. As
entioned, evidence mentions former elite athletes as tending to
aintain their ﬁtness advantage over non-athletes well into middle
ge [16,17]. However, the evidence of our results suggests greater
hysical activity engagement in later life as the biggest advantage
hat seems to excel from natural selection to sports associated withrdiology 61 (2013) 440–445
former elite athletes. In fact, we  suggest that participation in recom-
mended amounts of physical activity in later life may predict low
occurrence of CVD or diabetes, most direct consequences of Met-
Syn, irrespective of selection of sports at a young age. In addition,
even at a top level, the physiological beneﬁts from previous sports
career alone does not seem to be associated with reduced risk fac-
tors. As in other previous ﬁndings [36], we suggest that the CVD
risk factors of former athletes after retirement from active sports
are more related to the present-day lifestyle.
Exercise studies have also demonstrated the beneﬁt of vigorous
physical activity. This additional beneﬁt of high-intensity activi-
ties seems to be mediated through an increased cardiorespiratory
ﬁtness, which favorably affects MetSyn [37]. Furthermore, it is sug-
gested that vigorous activity but not moderate activity is associated
with signiﬁcantly lower prevalence of two  or more of the follow-
ing risk factors: high BMI, diastolic and systolic blood pressure,
and low HDL cholesterol. Among former athletes, the ones who
have engaged in most vigorous sports are characterized as being
less hypertensive or with a not as such atherogenic lipid proﬁle
(including lower total cholesterol and LDL-cholesterol and higher
HDL-cholesterol) than their sedentary controls [34]. Furthermore,
both a previous aptitude for endurance athletic events and con-
tinuity of vigorous physical activity are suggested to be associated
with protection against coronary heart disease [38]. Whether these
advantages are dependent of later lifestyle habits, inherited factors
or selection characteristics, it is not entirely understood. Indeed,
despite all the beneﬁts of vigorous activity, at the physiological level
little is known about the long-term inﬂuence of different intensities
of sports participation. Among our results, it is possible to suggest
that, independently of selection or genetics, unless healthy behav-
iors are maintained (with a special focus on physical activity after
retirement) the advantage of sports with higher intensity fades.
Methodological issues in this study need to be addressed.
Despite the fact that lifetime physical activity is difﬁcult to mea-
sure, we  only included former athletes at a world-class level or
former athletes who have competed in selected sports at least for
three consecutive years in their adult life, which ensures a study
population that has performed prolonged systematic exercise. Lev-
els of physical activity were assessed using individual information
about career period and conﬁrmed by the respective sports federa-
tions. Risk of misclassiﬁcation should thus be low. All information
on height, weight, and waist circumference was self-reported. In
spite of the problems with measuring them in a questionnaire, our
response rate makes biases unlikely.
Considering that in response to exercise, age has little or no
inﬂuence on the changes in many of the risk factors that under-
lie the MetSyn (blood pressure, triglycerides, and HDL cholesterol),
and also that there appears to be more favorable changes in
unhealthy subjects when compared with healthy ones, we  strongly
suggest physical activity as an asset in preventing and dealing with
this syndrome.
In summary, former athletes tend to adopt healthier lifestyles,
which may  give them an advantage in relation to risk factors
that delineate MetSyn. Effectively, unless former athletes keep this
healthy lifestyle thereafter, they do not seem to carry over any
metabolic advantage inherent to this syndrome in later life. Fur-
thermore, physical activity engagement at recommended levels
seems to have a clear association with MetSyn, even in subjects
who have never been athletes. This leads us to suggest that a healthy
lifestyle, particularly following the physical activity recommenda-
tions, could reduce the risk of the MetSyn.Conﬂicts of interest
There are no potential conﬂicts to declare.
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